ABSTR AC T
Two new α-tetralonyl glucosides, (4S)-4,5,8-trihydroxy-α-tetralone-5-O-β-D-glucopyranosyl(1 → 6)-β-D-glucopyranoside (1) and (4S)-4,8-dihydroxy-α-tetralone-4-O-β-D-glucopyranosyl(1 → 6)-β-D-glucopyranoside (2), together with eight known compounds (3) (4) (5) (6) (7) (8) (9) (10) were isolated from the green walnut husks of Juglans mandshurica. The structural characterization of all compounds was performed by spectroscopic analyses, including 1D and 2D NMR and HR-ESI-MS experiments. The isolated compounds were assayed for their cytotoxicity against two human cancer cell lines, A549 and HeLa. Four compounds (7-10) exhibited inhibitory effects against two human cancer cell lines with GI 50 values between 1.3 and 5.8 µM.
α-Tetralonyl Glucosides from the Green Walnut Husks of Juglans mandshurica and Their Antiproliferative Effects for antiproliferative activity against two human cancer cell lines, A549 and HeLa. Herein, details of the isolation, structural elucidation, and antiproliferative activities of these compounds are described.
Results and Discussion
The 70 % ethanol extract of the dried the green walnut husks of J. mandshurica was subjected to multiple chromatographic steps over silica gel, Sephadex LH-20, and recycling preparative HPLC. Ten compounds were obtained, including two new compounds, (2) , and eight known compounds comprising of four naphthoquinones (3) (4) (5) (6) and four diarylheptanoids (7) (8) (9) (10) . The structures of 1-10 were identified by physical data analyses, including 1D and 2D NMR and HR-ESI-MS. The sugar residues were identified by GC analyses after hydrolysis.
Constituents 1 and 2 are new α-tetralonyl glucosides never described before in the literature. The full assignments of 1 H NMR and 13 C NMR spectroscopic data of the new isolated compounds (1 and 2) are listed. Their key 1 H-1 H COSY and HMBC correlations are presented in ▶ Fig. 2 . The respective NMR and HR-ESI-MS spectra are provided in the Supporting Information. ▶ Fig. 2 The key 1 H-1 H COSY and HMBC of compounds 1-2.
α-Tetralonyl glucosides with one β-glucopyranosyl moiety have been reported from the green walnut husks of J. mandshurica before. But the naphthoquinone with two β-glucopyranosyl moieties has not been described in the literature so far. The putative biosynthetic pathway begins from erythrose-4-phosphate, which was derived through a series of reactions, including intermolecular cyclization, oxidation, hydroxylation, and glycosylation (▶ Fig. 3 ). All J. mandshurica components isolated were tested for their cytotoxic activity against A549 and HeLa cell lines, with etoposide as the positive control (▶ Table 1 ). Compounds 1-6 showed no or weak cytotoxic activity, whereas compounds 7-10 exerted strong cytotoxicity with GI 50 values in the range of 1.3-5.8 µM. Based on the available data, it seems that diarylheptanoids (compounds 7-10) are favorable for the observed cytotoxic activity.
Diarylheptanoid is a group of compounds that bears the 1,7-dihenylheptane skeleton as a special characteristic in the natural product estate [16] . Since the first diarylheptanoid isolated in 1815, approximately 400 such materials have been obtained from natural resources [17] . Hirsutanone and oregonin, from Alnus japonica Steud, exhibited potent antiproliferative activity against two colon cancer cell lines (HCT-15 and Colo205) [18] . Tian et al. had suggested that a diarylheptanoid, 1-(4-hydroxy-3-methoxyphenyl)-7-(3,4-dihydroxyphenyl)-4E-en-3-heptanone, was isolated from Alpinia officinarum and provided new insight into neuroblastoma chemotherapy [19] . Furthermore, diarylheptanoids have been reported by numerous studies to possess diverse bioactivities, including anti-inflammatory [20] and antiemetic [21] .
In summary, two new α-tetralonyl glucosides (1 and 2) and eight known compounds (3-10) were isolated from the green walnut husks of J. mandshurica, and the structures were determined by MS, 1D NMR, and 2D NMR. The results obtained in this study show that diarylheptanoids (7-10) exhibited inhibitory effects against the two human cancer cell lines (A549 and HeLa) with GI 50 values below 6 µM, while naphthoquinones (1-6) were inactive. 
Material and Methods

General experimental procedures
The NMR spectra were measured in methanol-d 4 on a Bruker ARX-400 or AV600 instrument with TMS as an internal standard. The CD spectrum was tested using a JASCO pu-2080 spectrometer. IR spectra were taken on a Bruker IFS-55 infrared spectrophotometer with a KBr disk. Optical rotations were measured on a Peking-Elmer 241 MC Spectropolarimeter at 20°C. ESI-MS spectra were recorded on a Waters Quattro micro API LC/MS/MS spectrometer (Waters). HR-TOF-MS spectra were performed on an Agilent LC/ MS spectrometer (Agilent). HPLC was performed on JAI LC9103 Recycling preparative HPLC (Japan Analytical Industries) equipped with JAIGEL-ODS-AP-P column and JAIGEL-GS310 column using a JAI refractive index detector and a JAI UV-3702 detector with MultiChro 2000 workstation. TLC was performed on precoated GF 254 plates (Merck) and detected by spraying with 10 % H 2 SO 4 followed by heating.
Plant material
The green walnut husks of J. 
Extraction and isolation
The green walnut husks of J. mandshurica (20 kg) were extracted with 70 % (v/v) aqueous ethanol three times (3 × 80 L) to give 1 kg of crude extract. The crude extract was suspended in 3 L of water. The suspension was successively partitioned with EtOAc (3 × 3 L) and n-BuOH (3 × 3 L). The n-BuOH-soluble fraction (120 g) was subjected to silica gel chromatography, eluting with gradients of CH 2 Cl 2 : MeOH (100 : 13 000 mL, 100 : 33 000 mL, 100 : 73 000 mL, 100 : 153 000 mL, 100 : 303 000 mL, 100 : 703 000 mL) on a silica gel column (column dimension: 6.0 × 80 cm) to give six fractions, Fr. A-F (4.7 g, 6.3 g, 12. 30) as the eluent to obtain pure compounds 5 (9.1 mg, t R 29 min) and 6 (6.2 mg, t R 35 min). Fraction C was purified by silica gel CC (column dimension: 2.5 × 40 cm) with CH 2 Cl 2 : MeOH (100 : 31 000 mL, 100 : 51 000 mL, 100 : 81 000 mL) to afford 210 mg of Fr. C-1 and 310 mg of Fr. C-2. Fraction C-1 was purified by recycling preparative HPLC with MeOH-H 2 O (55 : 45) as the eluent to obtain pure compounds 1 (10.5 mg, t R 21 min) and 3 (9.0 mg, t R 25 min). Fraction C-2 was purified by recycling preparative HPLC with MeOH-H 2 O (55 : 45) as the eluent to obtain pure compounds 2 (17.7 mg, t R 24 min), 4 (8.7 mg, t R 31 min), and 10 (7.9 mg, t R 35 min).
